BACKGROUND: Urate-lowering therapy (ULT) is associated with low rates of adherence, leading to a potential risk of relapse of gouty arthritis, tophi, or urolithiasis. Our main aim was to identify the recurrence of gouty arthritis, tophi, or urolithiasis after discontinuation of ULT. Secondary aims included an assessment of ULT reintroduction rates and factors associated with relapse. METHODS: We conducted a systematic literature review of clinical studies investigating the effect of discontinuing any ULT (allopurinol, febuxostat, probenecid, sulfinpyrazone, benzbromarone) in adults on long-term therapy. We searched The Cochrane Central Register of Controlled Trials, MEDLINE, EMBASE, Science Citation Index, and ClinicalTrials.gov from inception to March 2016. Conference abstracts of the ACR/ARHP and EULAR annual conferences were hand-searched. Study quality was assessed using the first eight items of the methodological index for non-randomized studies (MINORS) tool. The review protocol is registered with PROSPERO (CRD42016042048). RESULTS: A total of 4640 articles were identified, eight of which were ultimately included. Most of these studies predated 2000. MINORS scores ranged from 5 to 10 out of a possible 16. Mean follow-up duration after discontinuation ranged from 12 to 96 months. Five studies focused on discontinuation of ULT in gouty arthritis and tophi, two in urolithiasis, and one in asymptomatic hyperuricemia. Relapse rates were high in gout (36-81%) and lower in urolithiasis (15%). Relapses occurred 1-4.5 years after ULT discontinuation. In one study, a low serum urate level before and after ULT discontinuation was associated with lower gout recurrence. DISCUSSION: Relapse of gout is common although delayed after discontinuation of ULT. Short-term prognosis after ULT discontinuation appears favorable if the serum urate level was low before ULT discontinuation. The results of this review are limited by the paucity of existing studies and their low quality. Further comparative studies should consider larger primary care populations and discontinuation of febuxostat.
INTRODUCTION
Discontinuation of urate-lowering therapy (ULT) is an important issue in the general population. Allopurinol and other ULTs have been reported to be associated with low drug adherence rates. 1, 2 Observational studies have consistently found that 46-90% of patients with gout do not fully adhere to their ULT regimen. 3 According to two electronic database studies, one in every two patients with gout will discontinue their ULT during the first year of treatment, and up to three in four within the first 2 years. 4, 5 The main reasons identified by patients for non-adherence and discontinuation of ULT relate to uncertainty regarding long-term effectiveness, fear of adverse reactions, and polypharmacy burden. [6] [7] [8] Other reasons include forgetfulness, refill difficulties, financial concerns, difficulty in swallowing large pills, frequent travel, and preference for alternative medicine. [6] [7] [8] Some physicians also report actively discontinuing ULT in the case of adequate lifestyle modification by patients or the development of renal impairment. 9 Concerns related to discontinuation of lifelong medications include the risk of relapse of the condition initially treated, the time to relapse, and factors associated with relapse. Other areas of interest include the biological consequences of discontinuation, as well as discontinuation strategies. All of these require a comprehensive assessment in the area of ULT discontinuation. To this end, we conducted a systematic literature review of clinical studies addressing the issue of ULT discontinuation. Our main aim was to identify the recurrence of gouty arthritis, tophi, or urolithiasis after discontinuation ofCRD42016042048). We followed PRISMA guidelines in conducting this review.
Eligibility Criteria
We included all types of studies (all randomized controlled trials [RCTs] , controlled clinical trials [CCTs] , and observational studies [case-control, longitudinal studies]), with the exception of case studies, investigating the effect of discontinuation of ULT in adults (aged 18 years and older) undergoing long-term therapy. Trials and studies assessing discontinuation of any ULT were included: xanthine oxidase inhibitors (allopurinol, febuxostat) or uricosuric agents (probenecid, sulfinpyrazone, benzbromarone). Studies assessing switches between ULTs were excluded. Studies were eligible regardless of the indication for ULT (acute gouty arthritis, tophi, urate nephropathy, uric acid urolithiasis, prophylaxis of chemotherapy-induced hyperuricemia, asymptomatic hyperuricemia, other). Studies assessing only shortterm effects (less than 3 months) of ULT discontinuation were excluded. If the same participants were assessed at different time points or in multiple studies, we extracted and analyzed the data for all follow-up periods, and those with the longest follow-up period were selected for analysis.
The search was limited by language (English and French), and only studies with human subjects were included.
Search Strategy
The search strategy for MEDLINE was developed in collaboration with two librarians and adapted for each database ( Table 1 
Study Selection
Three authors (VB, PM, JPF) independently screened titles and abstracts for inclusion of all potential studies. Any discrepancies were discussed and resolved by consensus. Full copies were obtained for all studies deemed potentially relevant. The same three reviewers (VB, PM, JPF) independently assessed these studies for inclusion; any disagreements were resolved by consensus. Duplicates were identified and excluded, and multiple reports of the same study were collated so that each study, rather than each report, was the unit of interest in the review.
Data Collection Process
Data were extracted independently by two authors (VB and PM); discrepancies were identified and resolved by consulting another author (JPF). A standardized, pre-piloted form was used to extract data from the included studies for assessment of study quality and evidence synthesis.
Data Items
The following information was extracted: (1) methods (study design, total duration of study, number of study centers and location, study settings, mean follow-up after ULT discontinuation, date of study); (2) participant characteristics (number, mean age, age range, sex, disease duration, severity of condition, diagnostic criteria, baseline data, inclusion criteria, and exclusion criteria); (3) interventions (type of discontinuation: abrupt or tapering), comparison (if applicable), concomitant medications, excluded medications; (4) outcomes (recurrence of gouty arthritis, tophi, urate nephropathy or urolithiasis, ULT reintroduction, serum urate level, serum creatinine level, time of measurement); (5) notes (funding, and notable declarations of interest by authors).
Quality of Individual Studies
Two review authors (VB and PM) independently assessed the quality of included studies using the Methodological Index for Non-Randomized Studies (MINORS) tool. 10 Any disagreements were resolved by discussion or by involving another author (JPF). The MINORS tool identifies 12 items, including 8 specifically designed for non-comparison studies: a clearly stated aim, the inclusion of consecutive patients, a prospective collection of data, endpoints appropriate to the aim of the study, an unbiased assessment of the study endpoints, a follow-up period appropriate to the aim of the study, loss to follow-up less than 5%, a prospective calculation of the study size, an adequate control group, contemporary groups, baseline equivalence of groups, and adequate statistical analysis. The items are scored as follows: 0 = reported, 1 = reported but inadequate, 2 = reported and adequate. The highest score possible was 16 for non-comparative studies and 24 for comparative studies.
Data Synthesis
After extracting data from each study, structured tables were used to summarize the main characteristics of included studies, and a narrative synthesis of the other findings was provided. It was anticipated that there would be limited scope for metaanalysis because of the range of different outcomes measured across the small number of existing studies. A forest plot of relapse rates is included for illustrative purposes.
RESULTS

Study Selection
A total of 4640 citations were retrieved ( Fig. 1 ). Suppression of duplicate publications and screening of titles and abstracts yielded 21 articles for full-paper review. Among these, 13 were excluded, and the remaining eight studies were included in this review.
Study Characteristics
The design, methods, number of patients enrolled, and other characteristics of included studies are presented in Table 2 . All studies were observational. No ongoing studies were reported from ClinicalTrials.gov. Most of the studies predated 2000 and were small, ranging from 10 to 211 subjects. Most of the patients were male, with mean age ranging from 41.8 to 59.9 years. All studies were conducted within a single country and in hospital settings. Five studies focused on ULT in gout (gouty arthritis or tophi), two studies in urolithiasis, and one in asymptomatic hyperuricemia.
The mean duration of ULT treatment prior to discontinuation ranged from 17 to 86.4 months. Most (50-100%) of the patients were treated with allopurinol. Seven studies assessed the consequences of an abrupt discontinuation of ULT. A tapering strategy was used in only one study, though strategy details were not reported. 11 Criteria for ULT discontinuation were reported in only two studies. In the first of these, ULT was discontinued because of a side effect in 15% of patients, and was stopped after full discussion in the remaining cases. 12 In the second study, all patients had chosen to discontinue ULT. 13 The mean duration of follow-up after discontinuation ranged from 12 to 96 months. Two studies appeared to use data from overlapping groups of patients 13, 14 ; the authors of these two studies were contacted and confirmed this possibility. However, they were unable to determine the percentage of patients that may have been included in both studies.
Quality of Studies
The results of the quality assessment using the MINORS tool are reported in Table 2 . MINORS scores ranged from 5 to 10 out of a possible 16. Most studies received scores of 0 for inclusion of consecutive patients, prospective collection of data, and calculation of the study size, due to insufficient clarity and/or quality of study reports.
Clinical and Biological Effects of Discontinuation in Gouty Arthritis and Tophi
Four studies included patients with or without tophus, 11, [13] [14] [15] and one study restricted inclusion to patients with gouty arthritis with normal renal function who were not over-producers of uric acid. 12 Two studies 13, 14 used the 1977 American Rheumatism Association (ARA) preliminary criteria for primary gout. 16 Darmawan et al. used these criteria only if diagnosis by identification of monosodium urate crystals in the synovial fluid was not possible. 11 Perez-Ruiz et al. defined gouty arthritis based on the identification of monosodium urate crystals from a tophus or synovial fluid aspiration. 15 In one study, the criteria for gout were not reported. 12 Gout Relapse and ULT Discontinuation Rates. Relapse rates for gout are presented in Table 3 and Figure 2 . Among the five studies included, recurrence of arthritis was reported in 36.4-81% of patients. The mean time to relapse ranged from 15.8 to 56 months. In the largest study, cumulative relapse rates at 12, 24, 36, and 48 months were 6.6%, 11.4%, 20.4%, and 29.4%, respectively. 15 The earliest relapses occurred 4 months after ULT discontinuation. 13 Conversely, the longest gout-free follow-up period observed after ULT discontinuation was 96 months. 11 Overall, final discontinuation rates for ULT were 40.8%, 61%, and 80% in the three studies with contributing data. 11, 12, 14 Factors Associated with Gout Relapse. Three studies investigated the association between several factors and gout relapse after ULT discontinuation. Loebl et al. reported that patients with recurrence of gout tended to have higher serum urate levels before discontinuation, though no significant difference was observed (6.2 ± 0.4 mg/dl and 5.1 ± 0.9 mg/dl, respectively). 12 Gast et al. found that higher BMI, earlier age at onset of gout, higher serum urate level before discontinuation, and longer duration of ULT before discontinuation tended to be associated with higher rates of gout recurrence (no statistically significant association).
14 In a study by PerezRuiz et al., the only variables independently associated with gout recurrence were a higher serum urate level during ULT treatment (Cox multivariate survival analysis, adjusted HR: 1.57; 95% CI: 1.18-2.08) and during follow-up after ULT discontinuation (HR: 2.29; 95% CI: 1.91-2.74).
15 Figure 1 Flowchart of study selection. 
Clinical Effect of Discontinuation in Urolithiasis
A study in Japan by Kohri et al. included 87 patients with idiopathic calcium oxalate or calcium phosphate urinary stones. 17 All were randomized to receive either allopurinol or allopurinol and trichlormethiazide. Among these, 53 discontinued ULT for at least 12 months, and were studied. Nine patients (15.1%) had a recurrence of x-ray-confirmed urolithiasis after allopurinol discontinuation (mean time to relapse: 9.5 months). The rate of urolithiasis relapse after ULT discontinuation was lower than that during treatment (48.3%). The number of new stones per patient per year decreased by around 50% after ULT discontinuation compared with the treatment period (0.2-0.09 new stones/patient/year, paired t test, p < 0.05). Urinary calcium, uric acid excretion, oxalate, and citrate increased again after discontinuation. Phosphate and magnesium levels showed no significant difference.
Jabor conducted a retrospective analysis of 24 calciumoxalate urolithiasis formers who discontinued allopurinol. 18 Serum urate levels and urate output (daily output of urate, ratio of urine urate to urine creatinine, and ratio of daily urate to the patient's body mass) increased again after discontinuation of allopurinol. Urolithiasis relapse rates were not reported.
Of note, in two studies conducted in patients with gout, no patient experienced urolithiasis after ULT discontinuation.
11, 13
Clinical Effects of Discontinuation in Asymptomatic Hyperuricemia
Asymptomatic hyperuricemia was addressed in only one study, which included 50 patients with asymptomatic hyperuricemia and stage 3 or 4 chronic kidney disease related to hypertension. 22 Patients were further classified according to their antihypertensive regimen (with or without reninangiotensin system inhibitors, RASIs). Serum urate levels, blood pressure, and kidney function were regularly measured 1 year before and 1 year after discontinuation of allopurinol. No significant changes in blood pressure were observed in patients with RASIs. Significant increases in both systolic blood pressure (124.5 ± 7.4 to 155.6 ± 18. 4 mmHg, unpaired two-tailed Student t test, p < 0.05) and diastolic blood pressure (80.5 ± 3.2 to 93.5 ± 5.3 mmHg, p < 0.05) were observed 2 weeks after allopurinol discontinuation in patients with antihypertensive regimens without RASIs. In addition, kidney function declined faster in the group of patients without RASIs (−14.1 ± 5.3 ml/min/year, vs. −3.9 ± 2 ml/min/year in a group of patients treated with angiotensin-converting enzyme inhibitors, and −4.1 ± 2.2 ml/min/year in a group of patients treated with angiotensin II receptor blockers, respectively, p < 0.05).
Additional Analyses
In the majority of studies, serum urate levels increased again 1-3 weeks after ULT discontinuation (Table 3) . Regarding kidney function, apart from the study conducted in patients with asymptomatic hyperuricemia (see above), two supplemental studies reported renal outcomes. In the study by Darmawan et al., no deterioration in renal function was recorded during the 8 years of follow-up in patients who had discontinued ULT and maintained a serum urate level < 5 mg/dl. 11 Perez et al. also reported additional data from their cohort study at the 2010 ACR meeting. 20 In this analysis, 179 patients who discontinued ULT were included, with a follow-up of 34 ± 23 months. Renal dysfunction (Modification of Diet in Renal Disease [MDRD] renal function estimation <60 ml/min) increased from 13.4% of patients at baseline to 21.8% at the end of the study period. Lower renal function on ULT discontinuation, the presence of proteinuria, and the highest quartiles of serum urate levels after discontinuation were independently and significantly associated with renal dysfunction at the end of the study period.
DISCUSSION
In this work, we systematically examined the clinical and biological effects of discontinuing urate-lowering therapy, and found that the relapse rate was high in gout (36-81% according to five studies) and was lower in urolithiasis (15% in one study only). These clinical effects occurred 1-4.5 years after ULT discontinuation, and few predictive factors were identified. ULT discontinuation had no effect on creatinine levels in patients with normal renal function; however, renal function in patients with kidney disease tended to deteriorate. Clinicians should use caution in interpreting these results, given the important limitations regarding the validity of the included studies.
Serum urate levels before ULT discontinuation were consistently associated with lower gout recurrence in initial studies. [12] [13] [14] However, this association was statistically confirmed only in the study by Perez-Ruiz et al., which was the largest of the studies examined. 15 On this basis, Perez-Ruiz et al. suggested potency for intermittent use of ULT. 15 They proposed a first period of at least 5 years of ULT maintenance targeting a serum urate level far below 6 mg/dl, followed by a second period of ULT discontinuation aimed at maintaining serum urate just below the saturation level (6-7 mg/dl). An intermittent ULT regimen could thus be framed in patients discouraged with lifelong ULT treatment.
Discontinuation of ULT had no effect on creatinine serum levels in patients without renal dysfunction. In one study, patients with chronic kidney insufficiency (stage 3/4) and hypertension, who were not treated with RASIs, experienced a more rapid increase in creatinine serum than other patients. 19 This is consistent with results observed in rat models of mild hyperuricemia, which showed an amplification of the noxious effects of angiotensin II mediated by uric acid. 21 This physiopathological pathway leads to intrarenal inflammation, contributing to deterioration in kidney function. Similarly, in the largest cohort study included in this review, lower (including in patients without renal dyfunction) is associated with renal dysfunction. 20 Discontinuation of ULT should thus be considered with caution in patients with kidney function impairment, especially in those with hypertension who are not treated with RASIs.
Strengths and Limitations
The strengths of this study include an exhaustive search strategy that identified a greater number of studies than a recent systematic review focusing solely on gout. 22 Extending the search strategy to indications other than gout yielded consistent results (such as re-increase of serum urate level after ULT discontinuation) and brought related issues to light (such as possible blood pressure increase in patients who are not treated with RASIs).
This review is limited by the quantity and quality of the published manuscripts. The quality of the studies was low, as reflected by the MINORS scores. No randomized controlled trials were identified, and only studies with observational longitudinal designs. In such studies, the main limitation was the lack of a control group: the natural course of gout must be taken into account when maintaining ULT in order to determine the clinical effects truly associated with discontinuation of ULT. Also, a possible overlap in patients across two studies was noted. 13, 14 Additionally, important information was missing in some studies, in particular details about settings and time to relapse. Several studies had limited sample size: more than half of the studies included 50 or fewer patients. Such figures reduce the statistical power and the ability to provide precise estimates of relapse rates. Lastly, the study conducted in patients with asymptomatic mild hyperuricemia had the shortest follow-up (12 months); a longer follow-up would be needed to ascertain the results in this specific population, in which use of ULT is still considered off-label, albeit very common (25-91% ULT use). [23] [24] [25] The included studies also focused on more severe gout and in non-primary care settings. This makes our results difficult to translate for primary care physicians, since their patients are prone to experience less severe forms of gout, with fewer tophi and refractory gout. 26 It is likely that studies assessing the effects of ULT discontinuation in primary care would report lower gout relapse rates than those identified in this review. Finally, the effects of discontinuing febuxostat have not been studied, despite its status as the second most frequently prescribed ULT, with 14.4% of new ULT users and 6% of ULT market share in the US.
27,28
CONCLUSION
This systematic review suggests that relapse of gout is common, although delayed, after discontinuation of ULT. Conversely, relapses of urolithiasis were rare after ULT discontinuation. Certain factors may facilitate a framed ULT discontinuation: a sustained low serum urate level during treatment with ULT, a low serum urate level after ULT discontinuation, and the absence of kidney impairment. Further studies should consider a larger population in primary care, and discontinuation of other ULTs, including febuxostat.
